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ubstantial advances have been made during the past 2 years in various applications of neuroimaging in stroke. Because of limited space, a few major areas in imaging are highlighted here, including developments in selection for acute stroke therapies, hemorrhage, and recovery.
Results from several clinical trials have provided important data about imaging selection, including the mismatch concept, for acute stroke reperfusion therapies. A post hoc analysis of the pooled EPITHET-DEFUSE (Echoplanar Imaging Thrombolytic Evaluation Trial and Diffusion and Perfusion Imaging Evaluation for Understanding Stroke Evolution Study) datasets found that alteplase in the 3-to 6-hour window attenuated infarct growth and increased reperfusion in mismatch patients compared with placebo. Clinical outcomes were associated with degree of reperfusion; however, there was no difference in mortality or outcome between treatment groups and no comparison with nonmismatch patients. 1, 2 Another secondary pooled analysis from all 3 of the desmoteplase trials suggested that defining mismatch with a minimum volume of 60 cc based on magnetic resonance imaging (MRI) alone showed a significant treatment effect for desmoteplase. 3 Additionally, in patients with a visible occlusion on noninvasive vessel imaging at baseline, the desmoteplase groups had greater rates of good clinical response. 4 A phase IIb, prospective, randomized, open-label blinded end point trial tested 2 doses of intravenous tenecteplase compared with alteplase within 6 hours of onset. 5 Only patients with a demonstrated target vessel occlusion and >20% mismatch on perfusion computed tomography were enrolled. Both coprimary end points were positive, with greater rates of reperfusion and greater improvement at 24 hours on the National Institute of Health Stroke Scale (NIHSS) score in the tenecteplase groups. DEFUSE 2 (Diffusion and Perfusion Imaging Evaluation for Understanding Stroke Evolution Study 2) was a prospective, cohort study of thrombectomy in patients with and without target mismatch. 6 In this study, patients with target mismatch had a greater likelihood of favorable clinical response, which was associated with reperfusion. In contrast, MR RESCUE (Mechanical Retrieval and Recanalization of Stroke Clots Using Embolectomy) was a randomized, controlled trial of thrombectomy versus standard care up to 8 hours from onset, with enrollment stratified by favorable penumbral or nonpenumbral pattern based on multimodal computed tomography or MRI. 7 The trial failed to demonstrate that penumbral imaging selection improved outcomes for patients undergoing endovascular therapy for acute ischemic stroke. Neutral results may have been partly because of low recanalization rates with first-generation thrombectomy devices and relatively large predicted infarct cores compared with other studies.
Several recent studies have suggested that arterial spin labeling might be applied similarly to perfusion weighted imaging for detection of perfusion deficits in acute stroke; however, arterial spin labeling often overestimates the lesion volume. 8, 9 Imaging continues to play an increasingly prominent role not only in understanding the underlying pathophysiology of brain hemorrhage, but also in predicting outcome. A series of studies have reported ischemic lesions visualized on diffusion weighted imaging that are remote from the index hemorrhage occurring in approximately one fourth to one third of patients with primary intracerebral hemorrhage. 10 Several of the studies have found an association with blood pressure reductions as well as an association with poor outcomes in patients with lesions. Prospective studies have also now confirmed the prognostic value of the spot sign (contrast extravasation on computed tomographic angiography) in predicting hematoma expansion and poor clinical outcome in primary hemorrhage. 11, 12 The spot sign is currently being introduced as an outcome biomarker in clinical trials of acute interventions, although limitations of this application have been noted. 13 Several studies have examined changes in bihemispheric networks and their impact on stroke recovery and functional impairment. Several studies of diffusion tensor imaging have demonstrated the impact of a focal lesion on the integrity of fiber tracts in the motor system. Strength of handgrip was positively correlated with the integrity of the corticospinal tract.
14 The fractional anisotropy of the corticospinal tract at day 30 after stroke was found to be an independent predictor of motor outcome at 2 years. 15 After subcortical stroke affecting the pyramidal tract, a progressive degenerative transsynaptic effect on transcallosal motor fibers was observed by diffusion tensor imaging, which could be a morphological correlate of transcallosal disinhibition increasing contralesional functional activity and thereby interacting with
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recovery. 16 In a study, diffusion tensor imaging-derived measures of corticospinal and transcallosal tracts were used to predict the potential for subsequent motor recovery after transcranial direct current stimulations and physical therapy. 17 In poststroke patients with aphasia, repetition impairments were associated with lesions in the posterior temporoparietal region, whereas comprehension deficits were related to temporofrontal lesions, indicating that language is organized along 2 segregated dorsal-ventral streams. 18 In a recent trial, inhibitory repetitive transcranial magnetic stimulation improved language recovery in patients with subacute ischemic stroke when combined with speech therapy. 19 Repetitive transcranial magnetic stimulation also significantly increased recruitment of language areas in the dominant hemisphere. Similarly, inhibitory repetitive transcranial magnetic stimulation to areas most activated on functional magnetic resonance imaging (fMRI) improved language performance in chronic poststroke aphasics. 20 Recent resting-state fMRI studies have demonstrated disturbances after stroke not only in the vicinity of the lesion, but also between remote cortical areas in the affected and unaffected hemispheres, suggesting that recovery requires reorganization by restoration of interhemispheric functional coherence. 21 Changes in connectivity of networks were shown to significantly correlate with changes in NIHSS. 22 These studies suggest that resting-state fMRI might prove valuable for predicting prognosis and for selecting rehabilitation strategies.
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